###### Significance of this study

What is already known about this subject?
=========================================

-   Mantle cell lymphoma (MCL) is a highly aggressive subtype of medium or small B-cell type non-Hodgkin's lymphoma. Currently, it remains difficult to determine the optimal prognostic model for MCL. The nomogram is an advanced prediction model.

What are the new findings?
==========================

-   Age, EOCG, LDH, WBC and Ki-67 index were included in nomogram. The nomogram could predict the overall survival (OS) of patients with MCL more precisely than the current scoring system. The nomogram passed external validation.

How might these results change the focus of research or clinical practice?
==========================================================================

-   The nomogram makes it possible for physicians to predict patient OS individually. The nomogram provides a simple visual format for all users.

Introduction {#s1}
============

Mantle cell lymphoma (MCL) is a highly aggressive subtype of medium or small B cell type non-Hodgkin's lymphoma that originates from the inner follicle mantle and is characterized by lymph node, gastrointestinal tract, bone marrow (BM)and peripheral blood infiltration. The estimated annual incidence of MCL is only 0.8 cases per 100 000 person-years in the USA since 2001 according to Surveillance, Epidemiology, and End Results rates. MCL exhibits *CCND1* gene overexpression, and a new disease entity is typically characterized by t(11;14)(q13;q32).[@R1] The disease often occurs in middle-aged and senile men, most of whom are diagnosed at stages Ⅲ--Ⅳ with diffuse involvement of extranodal sites.[@R2]

It is difficult to determine the optimal prognostic model for MCL given its rarity and heterogeneity. Various prognostic factors are associated with survival in MCL. Elevated lactate dehydrogenase (LDH), older age, advanced stage, a senior score in the International Prognostic Index (IPI) scoring system, presence of B symptoms, poor performance status (Eastern Cooperation Oncology Group (ECOG)), and high mitotic index (Ki-67) are associated with poor prognosis.[@R3] Recently, the MCL International Prognostic Index (MIPI) scoring system was established by Hoster.[@R5] This system divides patients with MCL into groups by incorporating age, performance status, LDH level, and white cell count (WCC) to predict the overall survival (OS). For each prognostic factor, 0--3 points are given to each patient, and points are added to yield a maximum of 11 points. Patients with a total of 0--3 points are classified as low risk, patients with 4--5 points are classified as intermediate risk, and patients with 6--11 points are classified as high risk in the simplified MIPI score system.[@R5] However, this classification remains uncertain when taking racial differences into consideration, and thus, further validation is required.

The nomogram is an advanced prediction model that provides a simple visual format. The nomogram could estimate survival by integrating diverse variables. The nomogram has been proved to be acceptable for several types of cancers and serves as an important alternative for physicians under certain conditions.[@R6]

This study sought to perform a prognostic nomogram for MCL based on the clinicopathological parameters compared with the IPI and MIPI.

Materials and methods {#s2}
=====================

Patient data {#s2a}
------------

A retrospective review of the medical records of 198 patients who were all newly diagnosed as MCL by histological biopsy between January 2002 and March 2014 at the First Affiliated Hospital of Soochow University was conducted. An additional 83 patients diagnosed from January 2002 to December 2015 at the Third Affiliated Hospital of Soochow University were enrolled in the external validation cohort. The WHO classification of lymphoid neoplasms version 2008 was applied as histological criteria.[@R12] All patients were followed up to November 2016. All patients were evaluated and staged according to the Ann Arbor Staging classification, which includes CT and BM aspirate data. Age, sex, ECOG grade, Ann Arbor stage, presence of extranodal disease, WCC, serum LDH, serum β2-microglobulin, Ki-67 index, IPI score, simplified MIPI score, result of BM aspirate and biopsy were collected. All patients received chemotherapy mainly based on the recommendation by National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology: Non-Hodgkin's Lymphomas. Approximately, half of patients received rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R+CHOP) or cyclophosphamide, doxorubicin, and prednisone (CHOP)-like regimens as primary therapeutic approaches. The other patients received chemotherapy regimens including but not limited to rituximab, etoposide, methylprednisone, cytarabine and cisplatin (RESHAP), doxorubicin, vincristine, dexamethasone and cytarabine (R+HyperCVAD), CHOP, fludarabine, bortezomib and thalidomide.

The study protocol was designed in accordance with the guidelines outlined in the Declaration of Helsinki. Written informed consent was obtained from all patients.

Statistical analysis {#s2b}
--------------------

SPSS V.22.0 and R project V.3.2.2 (<http://www.r-project.org/>) with Hmisc, rms and survival receiver operating characteristic (ROC) packages were used for statistical analysis. OS represents the time from the date of diagnosis to the date of death. The proportion was used to describe the descriptive statistics. Univariate and multivariate survival analyses were calculated using log-rank test (Kaplan-Meier) and Cox's regression model. The nomogram was established according to multivariate analysis. Backward step-down selection processed the final model selection. Discrimination and calibration were performed to evaluate the nomogram capacity. The ROC curve and C-index were calculated to validate the discrimination power for OS among different models. Over 1000 bootstrap samples were created to estimate CIs and replicated the estimation process. The larger the C-index value, the more accurate the prediction. To externally validate the nomogram, we calculated the total points for each patient in the validation cohort as well as the C-index and calibration curve. Iasonos' guide was strictly obeyed during nomogram construction and validation.[@R13] Differences were considered statistically significant when p\<0.05.

Results {#s3}
=======

Clinical features and characteristics {#s3a}
-------------------------------------

In total, 198 patients were included in the primary cohort in this study ([table 1](#T1){ref-type="table"}). The median age was 69 years (range 23--86 years), and 162 patients were male. A total of 153 patients (77.3%) were classified as Ann Arbor stage IV at diagnosis. The overall incidence of extranodal involvement (greater than two sites) was 60.1%. An elevated Ki-67 index (≥30%) was noted in 126 patients (63.6%). According to the simplified MIPI, 81 patients (40.1%) were at high risk. Patients were followed up until death or March 2015. The median OS was 19.5 months (range, 1--60 months). OS values at 1 year, 2 years and 3 years were 45.45%, 31.82% and 18.18%, respectively. The other clinicopathological characteristics of patients are listed in [table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of patients

  Characteristic            Primary cohort (n=198)   Validation cohort (n=83)        
  ------------------------- ------------------------ -------------------------- ---- ------
  Sex                                                                                
   Male                     162                      81.8                       62   74.7
   Female                   36                       18.2                       21   25.3
  Age                                                                                
   \<50                     9                        4.5                        4    4.8
   50--59                   36                       18.2                       17   20.5
   60--69                   54                       27.3                       21   25.3
   ≥70                      99                       50.0                       41   49.4
  ECOG                                                                               
   0--1                     117                      59.0                       42   50.6
   2--4                     81                       41.0                       41   49.4
  LDH/ULN                                                                            
   \<0.67                   76                       38.4                       29   34.9
   0.67--0.99               59                       29.8                       28   33.7
   1.0--1.49                23                       11.6                       16   19.3
   ≥1.5                     40                       20.2                       10   12.0
  WCC (×10^9^/L)                                                                     
   \<5.00                   35                       17.7                       16   19.3
   5.00--9.99               54                       27.3                       25   30.1
   10.00--14.99             64                       32.3                       23   27.7
   ≥15.00                   45                       22.7                       19   22.9
  Ki-67 index                                                                        
   \<30%                    72                       36.4                       33   39.8
   ≥30%                     126                      63.6                       50   60.2
  β2-microglobulin                                                                   
   Normal                   108                      54.5                       41   49.4
   Elevated                 90                       45.5                       42   50.6
  B symptoms                                                                         
   Yes                      97                       49.0                       40   48.2
   No                       101                      51.0                       43   51.8
  Extranodal sites                                                                   
   \<2                      79                       39.9                       29   34.9
   ≥2                       119                      60.1                       54   65.1
  Bone marrow involvement                                                            
   Yes                      72                       36.4                       24   28.9
   No                       126                      63.6                       49   71.1
  Ann Arbor stage                                                                    
   III                      45                       22.7                       17   20.5
   IV                       153                      77.3                       66   79.5
  Treatment regimen                                                                  
   R-CHOP                   107                      54.0                       46   55.4
   Other                    91                       46.0                       37   44.6
  IPI score                                                                          
   \<3                      72                       30.3                       22   26.5
   ≥3                       126                      69.7                       61   73.5
  MIPI score                                                                         
   0--3                     45                       22.7                       14   16.9
   4--5                     72                       36.4                       30   36.1
   6--11                    81                       40.9                       39   47.0

ECOG, Eastern Cooperation Oncology Group; IPI, International Prognostic Index; LDH, lactate dehydrogenase; MIPI, Mantle cell lymphoma International Prognostic Index; R-CHOP, rituximab, cyclophosphamide, doxorubicin, and prednisone; ULN, upper limits of normal; WCC, white cell count.

Nomogram development and internal validation {#s3b}
--------------------------------------------

We used the primary cohort to build the nomogram. In univariate analysis, sex, age, ECOG, LDH, WCC, Ki-67 index, β2-microglobulin, extranodal sites, BM involvement and Ann Arbor stage were identified as independent prognostic factors, whereas B symptoms and treatment regimen exhibited no significant differences ([table 2](#T2){ref-type="table"}). Multivariate analyses confirmed that age, ECOG, LDH, WCC and Ki-67 index were independent risk factors ([table 2](#T2){ref-type="table"}). Age, ECOG score, LDH, Ki-67 and WCC exhibited statistically significant effects on OS based on log-rank test (all p\<0.001) ([figure 1](#F1){ref-type="fig"}). To determine the best-fit model among independent risk factors, we performed backward stepwise selection with the Akaike information criterion in Cox modeling. Finally, five variables were included in the nomogram. Age, ECOG, LDH, WCC and Ki-67 index were used to predict 1-year and 3-year OS in MCL ([figure 2](#F2){ref-type="fig"}). The C-index was 0.81 (95% CI 0.78 to 0.84). The calibration plot of the nomogram prediction and actual observation for the probability of 1-year to 3-year survival exhibited good consistency ([figure 3A, B](#F3){ref-type="fig"}). The C-index of the nomogram was increased compared with the IPI scoring system (0.69) and MIPI scoring system (0.76) (p\<0.001). The time-dependent ROC curve exhibited an improved capacity for predicting 1-year, 2-year and 3-year OS ([figure 4A--C](#F4){ref-type="fig"}). These results suggest that our nomogram exhibits better performance for predicting OS compared with IPI and MIPI.

###### 

Univariate and multivariate cox regression analyses for overall survival in patients with mantle cell lymphoma

  Variables                 Univariate analysis     Multivariate analysis                             
  ------------------------- ----------------------- ----------------------- ------------------------- ---------
  Sex                                                                                                 
   Female VS Male           0.60 (0.39 to 0.93)     0.023                   0.58 (0.25 to 1.35)       0.208
  Age                                               \<0.001                                           \<0.001
   \<50                     Reference                                       Reference                 
   50--59                   5.95 (1.34 to 26.46)    0.019                   11.15 (1.43 to 87.25)     0.022
   60--69                   3.35 (0.80 to 14.02)    0.098                   10.49 (1.15 to 95.91)     0.037
   ≥70                      14.88 (3.50 to 63.34)   \<0.001                 12.65 (1.74 to 91.95)     0.012
  EOCG                                                                                                
   0--1 versus 2--4         4.30 (2.86 to 6.47)     \<0.001                 14.21 (4.67 to 43.25)     \<0.001
  LDH/ULN                                           \<0.001                                           \<0.001
   \<0.67                   Reference                                       Reference                 
   0.67--0.99               2.86 (1.83 to 4.47)     \<0.001                 18.81 (6.84 to 51.71)     \<0.001
   1.0--1.49                1.67 (0.95 to 2.93)     0.074                   9.47 (3.21 to 27.99)      \<0.001
   ≥1.5                     5.08 (3.12 to 8.25)     \<0.001                 46.67 (15.95 to 136.57)   \<0.001
  WCC (×10^9^/L)                                    0.001                                             0.040
   \<6.70                   Reference                                       Reference                 
   6.70--9.99               2.71 (1.45 to 5.08)     0.002                   3.04 (0.95 to 9.74)       0.062
   10.00--14.99             3.30 (1.81 to 6.02)     0.110                   1.74 (0.81 to 3.73)       0.154
   ≥15.00                   3.31 (1.76 to 6.19)     \<0.001                 3.02 (1.37 to 6.62)       0.006
  Ki-67 index                                                                                         
   ≥30% versus \<30%        6.02 (3.19 to 11.34)    \<0.001                 3.20 (1.16 to 8.82)       0.024
  β2-microglobulin                                                                                    
   Elevated versus normal   1.53 (1.07 to 2.18)     0.019                   1.16 (0.66 to 8.82)       0.604
  B symptoms                                                                                          
   Yes versus no            1.27 (0.93 to 1.71)     0.129                                             
  Extranodal sites                                                                                    
   ≥2 versus \<2            2.44 (1.66 to 3.60)     \<0.001                 1.93 (1.37 to 2.72)       0.236
  Bone marrow involvement                                                                             
   Yes versus no            5.52 (3.63 to 8.41)     \<0.001                 1.82 (0.85 to 3.88)       0.125
  Ann Arbor stage                                                                                     
   IV versus III            2.18 (1.41 to 3.35)     \<0.001                 1.31 (0.71 to 2.44)       0.386
  Treatment regimen                                                                                   
   R-CHOP versus other      0.70 (0.49 to 1.02)     0.060                                             

ECOG, Eastern Cooperation Oncology Group; IPI, International Prognostic Index; LDH, lactate dehydrogenase; MIPI, Mantle cell lymphoma International Prognostic; R-CHOP, rituximab, cyclophosphamide, doxorubicin, and prednisone; ULN, upper limits of normal; WCC, white cell count.

![Overall survival according to (A) age, (B) Eastern Cooperation Oncology Group (ECOG) scores, (C) serum lactate dehydrogenase (LDH), (D) Ki-67, and (E) white cell count (WCC).](jim-2018-000837f01){#F1}

![Nomogram evaluation in the patients with mantle cell lymphoma. To use the nomogram, the value attributed to an individual patient is located on each variable axis, and a line is drawn upwards to determine the number of points received for each variable value. To determine the 1-year, 2-year and 3-year overall survival probability, a line is drawn downwards from the total points' axis, where the total points represent a sum of points of each variable, to the survival axis. ECOG, Eastern Cooperation Oncology Group; LDH, lactate dehydrogenase; ULN, upper limits of normal; WCC, white cell count.](jim-2018-000837f02){#F2}

![The calibration curve for predicting patient survival at (A) 1 year and (B) 3 years in the primary cohort.](jim-2018-000837f03){#F3}

![Time-dependent receiver operating characteristic curves from the nomogram, IPI and MIPI for (A) 1-year, (B) 2-year and (C) and 3-year overall survival in the primary cohort. AUC, area under the curve; IPI, International Prognostic Index; MIPI, Mantle cell lymphoma International Prognostic Index.](jim-2018-000837f04){#F4}

Validation of the nomogram for OS {#s3c}
---------------------------------

The nomogram was applied to each patient in the validation cohort. Favorable consistency in 1-year and 3-year survival between actual observation and nomogram prediction was observed based on calibration curves ([figure 5A, B](#F5){ref-type="fig"}). The C-index was 0.79 (95%CI 0.75 to 0.84) in the validation cohort, which was also better than the IPI scoring system (0.68) (p\<0.001) and MIPI scoring system (0.76) (p\<0.001). The similar results were also noted for the ROC ([figure 6A--C](#F6){ref-type="fig"}).

![The calibration curve for predicting patient survival at (A) 1 year and (B) 3 year in the validation cohort.](jim-2018-000837f05){#F5}

![Time-dependent receiver operating characteristic curves from the nomogram, IPI and MIPI for 1 year (A), 2 year (B) and 3 year (C) overall survival in the validation cohort. AUC, area under the curve; IPI, International Prognostic Index; MIPI, Mantle cell lymphoma International Prognostic Index.](jim-2018-000837f06){#F6}

Discussion {#s4}
==========

MCL, which is characterized by frequent relapse and a poor prognosis, is a rare type of non-Hodgkin's lymphoma. Recent studies revealed two clinical subtype classifications based on disparities in pathogenesis.[@R14] The classical MCL originated from mature B cells without developing from the follicular germinal centre and somatic immunoglobulin heavy chain variable mutation. Recent studies demonstrated that MCL commonly occurs in elderly men (median age 63 years), most of whom are diagnosed at an advanced stage. BM involvement was common.[@R16] Similar clinical characteristics were observed in this study. No standard chemotherapeutic regimen has been identified; however, various regimens exhibit significant improvements in patients with MCL.

Diverse therapeutic approaches and disease heterogeneity have made it difficult to establish a favorable predictive mode. Some groups have made efforts and achievements.[@R19] The variables included in the nomogram are also recommended by NCCN Clinical Practice Guidelines in Oncology: Non-Hodgkin\''s Lymphomas. Thus, the nomogram is practical for most medical institutions. Nomogram development and validation was accomplished at two independent institutions. In our nomogram, some results were unexpected. Some risk factors highlighted in NCCN Clinical Practice Guidelines in Oncology: Non-Hodgkin's Lymphomas, such as B symptom, BM and extranodal involvement and advanced Ann Arbor stage, were not associated with survival in the multivariate Cox regression analysis. MCL exhibits different clinical features compared with other NHLs, which may partially explain the differences. In addition, all patients included were diagnosed at III or IV stage, which are regarded as advanced stage. Not surprisingly, stratification by Ann Arbor stage cannot accurately predict prognosis.

The nomogram offers more benefits compared with the current existing prognostic system in several clinical settings as it integrates different risk factors to provide an individualized assessment.[@R22]It also exhibited good predictive ability for OS compared with some of the current prognostic systems in this study. The IPI scoring system exhibited a good ability to predict OS (C-index: 0.69 in the primary cohort, 0.68 in the validation cohort). The MIPI scoring system was even better than IPI (C-index: 0.76 in both cohorts). The nomogram exhibited the best accuracy in prognostic prediction among the three models. The results were solidly consolidated according to the area under curve. As expected, the inclusion of more independent factors made the nomogram more powerful compared with the existing prognostic systems. With the exception of variables also included in the MIPI system, we further consolidated the important prognostic role of the Ki-67 index, which has also been reported in MCL by Hoster.[@R28] To some extent, the nomogram could be regarded as an updated version of the MIPI scoring system, including the addition of a visualization and interactive interface. To the best of our knowledge, no other nomograms concerning MCL have been published to date given that it is difficult to collect sufficient cases from a single institution.

This nomogram has several limitations. The main limitation of this study is the insufficient number of samples. Although the sample size in this study is fairly large for a local region, it remains insufficient for larger regions, not to mention globally. In addition, the nomogram was designed based on the local patient population. It remains uncertain whether the nomogram is precise for other populations or regions. The National Cancer Database of USA contains a large amount of cancer data that may provide conditions for further validation.

In conclusion, this nomogram might be helpful to allow individualized, risk-adapted treatment decisions in patients with MCL. The nomogram exhibited an improved ability for risk stratification compared with IPI and MIPI and would facilitate therapeutic decision-making and individualized patient counseling.
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